Background: A growing number of postdoctoral scholars are following diverse career paths that require broad skill sets to ensure success. Yet, most postdoctoral professional learning and development initiatives are intended for academic careers and seldom include professional skills needed to succeed in non-academic settings. Given that fewer than 20% of postdoctoral scholars will obtain tenure-track academic positions, there is a great need for postdoctoral scholars to prepare for a range of future careers. Creating professional learning and development strategies to address these concerns requires an understanding of current approaches, yet there is a distinct lack of literature exploring and synthesizing sources of evidence on the professional learning and development of postdoctoral scholars. The purpose of this scoping review is to examine, synthesize, and map the sources of evidence on professional learning and development pertaining to postdoctoral scholars. Methods: We will perform a scoping review to identify sources of evidence around professional learning and development of postdoctoral scholars. Our search strategy, limited to English language, will include searching relevant disciplinary and interdisciplinary databases with no limitation on date of publication. We will conduct forward and backward citation chasing of included articles. Gray literature will be searched in electronic databases and websites of national postdoctoral associations. Search strategies will be developed using controlled vocabulary and keyword terms related to postdoctoral scholars and professional development. Two reviewers will independently screen titles and abstracts for inclusion, and two reviewers will independently screen full text to determine final inclusion. These data will be summarized quantitatively (using a simple numerical count) and qualitatively using thematic analysis methods. Through this process, we will summarize the current state of evidence around professional development and learning of postdoctoral scholars and identify current gaps in the literature, as well as the research areas requiring systematic reviews and/or primary research. Discussion: Despite the growing numbers of postdoctoral scholars, there has been no synthesis of the sources of evidence of postdoctoral scholars' professional learning and development. In reviewing a wide range of evidence and integrating it into a manageable and meaningful whole, this scoping review will be a critical first step in understanding the professional learning and development of postdoctoral scholars. Our results will help inform future research and the development of a framework for postdoctoral scholar's professional learning and development.
Background
Postdoctoral scholars hold doctoral degrees and are engaged in mentorship opportunities to develop their scientific independence, academic merit, and entrepreneurial research skills [1] . They are central to the advancement of scientific inquiry, improvement of teaching practices in higher education, studying relevant problems, addressing important societal issues, and informing future policy [2, 3] . Postdoctoral scholars are significant members of the research community, making important contributions to research productivity [4, 5] , contributing to knowledge translation, and strengthening collaborative research networks [5] .
Postdoctoral fellowships are traditionally short-term positions (1-5 years) intended to bridge the gap between PhD completion and a tenure-track faculty position [2, 3] . However, the increasing number of postdoctoral scholars has far outpaced universities' needs for new academic faculty [2, 3, 6, 7] and fewer than 20% of current postdoctoral scholars are likely to obtain tenure-track positions [8] . As a result of this trend, today's postdoctoral scholars are following more diverse career paths and increasingly pursuing careers in industry, government, and beyond, or leaving research altogether [7] .
As increasing number of postdoctoral scholars pursue careers outside of academia, the need to develop a broad skill set to succeed in their various roles also increases. Worldwide, educators, business leaders, and politicians have developed lists and models of twenty-first century skills that professionals need both today and in the future [9, 10] . Recent studies from different fields indicates that the skills professionals need are not only field-specific skills but also include broad skills, such as social skills, organizing skills, skills for knowledge acquisition, and problem-solving skills [11] [12] [13] . Success in many careers also requires interpersonal communication, presentation, leadership, management, networking, and teaching skills [14] . Despite these findings, traditional emphasis has been placed on developing research skills and scientific knowledge, resulting in insufficient resources being dedicated to the broader professional learning and development of postdoctoral scholars.
We purposefully use the term "professional learning and development" within the context of our work to ensure a broad focus on the experience and continuous nature of professional learning and professional development, by engaged individuals capable of self-directed learning [15, 16] . Professional learning and development is situated, social and constructed, and is based on a complex relationship between individuals and their environment [16, 17] . It includes a range of formal and/or informal activities and interactions, as well as contextual learning and reflective practice that may increase postdoctoral scholars' knowledge, skills, abilities, and growth while improving their performance in present or future positions [16, 18] . Professional learning and development experiences may range from formal structured initiatives (e.g., seminars, workshops, conferences, courses), to embedded professional and self-directed learning activities (e.g., co-teaching, mentorship, group discussions, communities of practice, professional meetings, reading groups), to informal everyday discussions and work-related practices with other researchers, educators, and scholars [16, 17, 19] .
Postdoctoral scholars recognize a need for sufficient opportunities to prepare for the various roles and responsibilities of their diverse future positions [1, 20, 21 ]. Yet, most professional learning and development opportunities for postdoctoral scholars are intended to prepare them for academically focused research careers and rarely include professional skills needed to succeed more broadly in their academic careers or in non-academic settings [2, 3, 7] . Though much importance has been placed on developing professional learning and development programs for graduate student, far fewer programs occur for postdoctoral scholars [21] [22] [23] [24] . There is a scarcity of literature exploring and synthesizing sources of evidence on the professional learning and development of postdoctoral scholars. Based on this background, our objective is to conduct a scoping review to examine and synthesize the sources of evidence on professional learning and development of postdoctoral scholars.
Logic model
Logic models offer graphic depictions of important elements and relationships related to a specific topic [25] . When used in research synthesis, such as scoping reviews, logic models can facilitate collecting and integrating literature to better inform interpretations and aggregation of results [26] . Using a logic model helps conceptualize the complexity of professional learning and development by (1) depicting professional learning and development components and relationships between them, (2) explicating pathways between professional learning and development and multiple outcomes, and (3) displaying interactions between professional learning and development and the context in which it is implemented [25] . Our logic model (Fig. 1 ) provides a framework for identifying inclusion and exclusion criteria, guiding the search strategy, and examining differences in the literature and along dimensions of interest [25] . Furthermore, our logic model offers a transparent graphic representation of our assumptions which is useful to other researchers and stakeholders making our results more accessible to a broad range of decision-makers [27] .
Methods and analysis
Various systematic approaches are available for reviewing published literature. Scoping reviews are a rigorous and methodical approach to examining the extent, range, and nature of research activity in a particular field [28] . We believe a scoping review of published literature is the best method to map the global literature regarding professional learning and development of postdoctoral scholars. Scoping review methodology will guide us to broadly and comprehensively examine and systematically map sources of evidence on professional learning and development of postdoctoral scholars, determine feasibility of conducting subsequent systematic reviews, summarize and disseminate research findings to knowledge users, and identify gaps where further research is required [28, 29] . In designing the protocol for our scoping review, we drew upon Arskey and O'Malley's [28] seminal work as well as more recent scoping review publications [29] [30] [31] [32] . The review will include the following stages: (1) formulating the research questions; (2) identifying relevant literature; (3) study selection based on clear inclusion and exclusion criteria; (4) charting the data using standardized data extraction tables; (5) collating, summarizing, and reporting the results including an appraisal of the literature; and (6) consultation. In addition, this scoping review will include an evidence map offering a user-friendly format illustrating the evidence and gaps in evidence that exist for professional learning and development of postdoctoral scholars. To ensure the evidence map is useful to stakeholders, we will draw upon Bragge and colleagues framework for global evidence mapping [33] and more recent evidence map literature [34, 35] . A completed PRISMA-P (Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols) checklist has been submitted as an additional file to this protocol (Additional file 1). This study has not been registered in PROSPERO as scoping reviews are not eligible for inclusion.
Stage 1: Identifying the research questions
In scoping reviews, research questions should be broad with the focus on summarizing the breadth of literature [28] . Our overarching research question is as follows: What is known from existing sources of evidence about the professional learning and development of postdoctoral scholars? Our objectives are the following: first, to describe which professional learning and development opportunities are being reported worldwide; second, to explore how professional learning and development opportunities are being used by postdoctoral scholars; third, to categorize professional learning and development opportunities that are relevant to meeting the needs of postdoctoral scholars; and fourth, to identify optimal strategies for providing professional development to postdoctoral scholars.
Stage 2: Identifying relevant literature
Scoping reviews aim to comprehensively address broad research questions; however, parameters are required to guide the search strategy. Together, our review team deliberated and decided upon the criteria for eligibility and databases to search and formulated a search strategy.
Eligibility criteria
We will include sources of evidence on professional learning and development of postdoctoral scholars including studies, theses/dissertations, and gray literature. For the purpose of this review, postdoctoral scholars are defined as scholars who hold doctoral degrees and are engaged in mentored research and/or scholarly training for the purpose of skills development [1] . Professional learning and development is defined as any activities and interactions that may increase postdoctoral scholars' knowledge and skills; contribute to their personal, social, and emotional growth as scholars; and improve their performance in present or future roles. These experiences can range from formal structured formats (seminars, workshops, conferences, courses), to embedded professional development (co-teaching, mentorship, group discussions, 
Information sources and search strategy
Together, the team recognized the need for the search to encompass as many disciplines as possible in order to exhaustively capture the literature related to postdoctoral scholars and professional development. Databases were identified by conducting a simple search using "postdoc*" as a keyword to determine whether the concept was represented in the database and to make an informed decision as to which databases to search. Disciplinary databases to be searched include Business Source Complete, Biosis Previews, CAB Abstracts, CINAHL, Communication Abstracts, Education Resources Complete, EMBASE, Environment Complete, ERIC, IEEE Xplore, MEDLINE, PsycINFO, MEDLINE, and SocIndex. Interdisciplinary databases to be searched include Academic Search Complete, Scopus, and Web of Science. All databases will be searched from database inception for English language publications. Gray literature will be searched for in the ProQuest Dissertations and Theses Global database, Trove (National Library of Australia theses/dissertations), Ethos (British Library theses/dissertations), and websites of national postdoctoral associations (Canadian Association of Postdoctoral Scholars, National Postdoctoral Association). The search strategy was developed by an information scientist (KAH) and focuses on two main concepts: postdoctoral and professional development. For each concept, subject headings and keywords will be generated. Keywords will be constant across all databases, and subject headings will be responsive to the controlled vocabulary of the database when available. Table 1 outlines the search strategy for Ovid MEDLINE which yielded 677 articles. This search strategy will be adapted for each database. We will conduct forward and backward citation chasing of included articles. Records will be exported to EndNote v8 to enable data management, removal of duplicates, and retrieving full texts.
Stage 3: Study selection
The selection of literature will occur in two phases. The first phase will involve screening of titles and abstracts by two reviewers, independently using a structured screening form based on the identified eligibility criteria. To minimize the risk of bias, screening forms will be pilot tested by reviewers on a random selection of 100 titles and abstracts to ensure consistency and reliability. A kappa [36] of greater than 0.8 will be used to quantify inter-investigator agreement. Disagreements will be resolved to consensus through discussion and passed to a third investigator for final resolution if the issue cannot be resolved. Literature identified as potentially relevant will be passed to the next screening level. In phase 2, two reviewers will independently review full-text versions of all potentially relevant literature. To minimize the risk of bias, both reviewers will be trained on the phase 2 screening form prior to beginning screening and the forms will be pilot tested by the reviewers on a random selection of 10 full texts to ensure consistency and reliability between the reviewers. A kappa [36] of greater than 0.8 will be used to quantify inter-investigator agreement, and disagreements will be resolved by discussion. Unresolved disagreements will be referred to a third investigator for review and resolution.
A PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram [37] will be used to report final numbers once the review is completed. A unique identifier will be assigned to every publication retrieved during data collection to enable tracking of the article throughout the review process. Endnote v8 will be used to manage the results of the searches. The final search results will be exported into an excel workbook to facilitate the screening process with each reviewer documenting the inclusion/exclusion status for each article.
Stage 4: Charting the data
A "descriptive analytical" method will be used to extract contextual information from each included article, involving the synthesis and interpretation of the data by sifting, charting, and sorting material according to key findings and themes [28] . The review team will collectively develop a data extraction form guided by our logic model to determine which variables or themes to extract. This will be an iterative process, and the form will be continually updated as new key findings emerge [29] .
Two reviewers will independently read each included article. One reviewer will extract relevant data using a standardized data extraction tool, and another reviewer will verify the extracted data for consistency and accuracy. The data extracted will include year, authors, publication title, research question or study purpose, study design, context, participants, sample size, theoretical/conceptual framework, interventions, definitions of concepts, data collection methods, and relevant results. Additional categories may be identified through completion of the search and in consultation with the team members. Study quality is generally not conducted during a scoping review [28, 29] ; however, we will include a summary of literature limitations identified in articles included in the review.
Stage 5: Collating, summarizing, and reporting the results
The unique purpose of a scoping review is to aggregate the findings and present an overview of the current state of evidence on a topic. The data arising from our data collection process will be summarized quantitatively (using a simple numerical count identifying numbers of studies) and qualitatively using thematic analysis methods [29] . Study findings will be inductively coded [38] , compared between studies, and grouped to generate initial descriptive themes. Analytical themes will be created by exploring how the descriptive themes are linked between the studies. In addition, we will include an evidence map to illustrate the evidence gaps that exist for professional learning and development of postdoctoral scholars. Through this process, we will be able to summarize and critically evaluate the current state of evidence around professional learning and development of postdoctoral scholars and identify current gaps in the literature and professional learning and development programming, as well as the research areas which require systematic reviews or primary research.
Stage 6: Consultation
The consultation phase is optional in the seminal Arskey and O'Malley framework [28] ; however, we have chosen to include this step in our review. Obtaining feedback from relevant stakeholders will help ensure our results are relevant to the target audience [39] . We are using an integrated knowledge translation [40] approach for this scoping review, and our multidisciplinary team includes knowledge users (postdoctoral program director, postdoctoral scholars, director of educational development), knowledge synthesis methodologists, an information scientist, and experienced researchers. Our team co-developed the review question and protocol and will continue to be involved throughout the entire process, including the development of a knowledge translation strategy to increase the uptake of the findings of the review. The anticipated goal of engaging these individuals is to accelerate spread and use of knowledge and to establish evidence-based decision-making regarding professional development supports for postdoctoral scholars.
Discussion
As highly trained and experienced early career researchers, postdoctoral scholars play a key role in driving discovery and expanding knowledge [2, 3] . Although there is an increasing interest for postdoctoral scholars to engage in professional learning and development opportunities, to date, there has been no synthesis of evidence to fully understand postdoctoral professional learning and development and strategies implemented to support their growth. The results of this work will be of use to several target audiences, including postdoctoral scholars, institutional decision-makers, and researchers, provincially, nationally, and internationally who have postdoctoral programs.
The main goal of our knowledge translation plan is to disseminate the research findings in formats and through pathways most appropriate for the target audiences. Our approaches to knowledge dissemination will include webinars via the Educational Development Caucus (an affiliate of the Society for Teaching and Learning in Higher Education) and presentations at national and international educational development and higher education conferences (such as the International Society for the Scholarship of Teaching and Learning Conference, and the International Consortium for Educational Development). At the local level, highlights of learnings will be disseminated through our University newsletters, blogs, annual reports, and conferences. A world café [28] [29] [30] with a graphic facilitator will be held with postdocs to discuss and build upon key study findings.
The results from this scoping review will help inform efforts to refine existing or develop new approaches to promote professional learning and development amongst postdoctoral scholars. Furthermore, the results will guide future work towards developing professional learning and development evaluation frameworks for postdoctoral scholars. The creation of an evidence-based professional learning and development framework will help advance theoretical understanding of postdoctoral professional learning and development and enhance the transferability of findings to multiple postsecondary contexts.
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